The observation that thiamin (B1) or pyridoxine (B.) serves as an alternate growth stimulant for one strain of brewers' top yeast and the conditions under which this equivalence occurs have been discussed elsewhere (Moses and Joslyn, 1953) . The ability of the organism to synthesize thiamin or pyridoxine when grown in media deficient in either and its ability to form carboxylase under these conditions were demonstrated. Additional data on the nature of the equivalence of thiamin and pyridoxine are presented here. This includes observations on decrease in pyridoxine content during growth, effect of thiamin on this, and on transaminase activity of the yeast grown under such conditions.
The observation that thiamin (B1) or pyridoxine (B.) serves as an alternate growth stimulant for one strain of brewers' top yeast and the conditions under which this equivalence occurs have been discussed elsewhere (Moses and Joslyn, 1953) . The ability of the organism to synthesize thiamin or pyridoxine when grown in media deficient in either and its ability to form carboxylase under these conditions were demonstrated. Additional data on the nature of the equivalence of thiamin and pyridoxine are presented here. This includes observations on de- crease in pyridoxine content during growth, effect of thiamin on this, and on transaminase activity of the yeast grown under such conditions.
MATERIALS AND MEHODS
The analytical techniques and procedures used for the growth of yeast culture 6C44 and determinations of pyridoxine and thiamin are those described by Moses and Joslyn (1953) .
Transaminase actiiy. Transaminase activity was estimated according to the techniques employed by Feldman and Gunsalus (1950) in the investigation of bacterial transaminases-by measuring glutamic acid formed upon incubating DL-alanine and a-ketoglutaric acid, in the presence of cell-free extracts of culture 6C44.
1. Reagents. a-Ketoglutaric acid, L glutamic acid, and D-alanine. The The relation between the pyridoxine lost as a result of growth in a thiamin deficient medium to the thiamin synthesized is shown in figure 1 . This shows the pyridoxine content of the medium and cells after growth expressed per 100 mg of moist yeast, and the thiamin content of the moist yeast (no thiamin was found in the medium). Up to an initial level of 29.4 pm 10' per 10 ml, the pyridoxine recovered increased almost linearly with increase in initial pyridoxine content and then was constant. The synthesis of thiamin also increased with increase in pyridoxine content and leveled off at the same point. R1-R. inclusive represent the ratios of pyridoxine destruction to tiamin synthesis by the organism as the result of cultivation in a thiamin deficient medium.
The sparing effect of thiamine on this loss of pyridoxine is shown in figure 2. Increasing the initial content of thiamin progresively decreased the loss in pyridoxine at various pyridoxine levels. The ratio of pyridoxine spared to exogenous suboptimal thiamin content is shown in To investigate the sparing action of pyridoxine on thianmin, the yeast was grown in modified pyridoxine deficient and complete media, respectively, containing differing optimal concentrations of th i and the same optimal amounts of pyridoxine. The lowest concentration of thiamin used (2.97 X 10-' pAm) is the minimal The data of table 3 show that within the limits of the thiamin concentrations tested the quantity of pyridoxine which is synthesized is constant and apparently independent of the thiamin concentration in the medium, in excess of 2.97 X 10-4 pi per 10 ml of medium. Column C of (table 7) show that the cultures from the complete medium and the medium lacking in thiamin but amplified by 29 X 108 pM of pyridoxine possess comparable transaminase activity. The second culture from the latter medium containing 9.8 X 10-8 Am of pyridoxine shows significantly less activity. The least amount of activity is exhibited by the culture from the pyridoxine deficient medium. As shown in column B the addition of pyridoxal phosphate to the incubates remedies any metabolic impairment of the culture grown with limiting quantities of pyridoxine.
DISCUSSION
The partial destruction of exogenous pyridoxine wvith a concomitant increase in the thiamin content of the culture, supplemented by the demonstration of a coincidence in the conditions at which increase in both thiamin synthesis and pyridoxine loss ceases, suggests that pyridoxine may be a precursor in the biosynthesis of thiamin. In addition, the mutual interdependency of the two vitamins is indicated by the observation that synthesis of pyridoxine is accompanied by partial destruction of exogenous thiamin. In the formulation of any mechanism for the thiamin-pyridoxine relationship, three possibilities exist: (1) the pyridoxine destroyed is converted to thiamin; or (2) to thiamin plus some unidentified metabolite; or (3) in addition to its conversion to a metabolite, pyridoxine stimulates thiamin synthesis. The sparing effect of thiamin can be ascribed to (a) its catalytic function which is responsible for a rapid rate of synthesis of the uinknown; or (b) its presence which obviates the conversion of pyridoxine to thiamin; or (c) the combined effect of (a) and (b) . The data, particularly as regards the variability of the "conversion" ratios, fail to support the first possibility mentioned above since the exogenous pyridoxine destroyed cannot be accounted for completely in terms of thiamin synthesized.
Evidence previously presented (Moses and Joslyn, 1953) shows that total recovery of thiamin is achieved when the culture is grown with adequate quantities of both thiamin and pyridoxine. This observation indicates that the sparing action of thiamin on pyridoxine destruction is a property of the intact thiamin molecule. Since pyrimidine alone, as well as pyrimidine and thiazole collectively, influences pyridoxine recovery to an extent comparable to that of thiamin, it is reasonable to assume that any sparing action on pyridoxine destruction by pyrimidine is preceded by its conversion to thiamin. It was demonstrated previously (Moses and Joslyn, 1953 ) that a greater rate and extent of growth occur in a thiamin-pyridoxine deficient medium in the presence of both exogenous pyrimidine and thiazole than with pyrimidine alone due to the retarded rate of thiazole synthesis. The equivalence of their sparing action upon pyridoxine destruction, however, in a medium containing pyridoxine but lacking thiamin is indicative of the stimulatory effect of pyridoxine on thiazole synthesis.
The partial sparing action of pyrimidine on thiamin recovery is not due to its conversion to thiamin since in the presence of adequate exogenous thiamin and pyridoxine, neither synthesis nor destruction of thiamin occurs. This qualita tive functional equivalence between pyridoxine and pyrimidine, supplemented by the inhibitory effect of thiazole on the growth rate of the culture in a pyridoxine deficient medium, supports the concept that fission of the thiamin molecule with the subsequent conversion of the pyrimidine moiety to pyridoxine is characteristic of growth in a medium deficient in pyridoxine. That this conversion is reversible is suggested by the reciprocal sparing effect of thiamin and pyridoxine which function through the two key interconvertible intermediaries, pyridoxine and the pyrimidine of thiamin. SUMMARY A functional impairment, largely eliminated by provision of the appropriate coenzyme, was demonstrated in transaminase activity despite the presence of optimal concentrations of pyridoxine.
A vitamin balance, involving the disappearance of pyridoxine and the accompanying synthesis of thiamin, revealed the following: (a) complete recoveries of exogenous pyridoxine were contingent upon the presence of adequate concentrations of environmental thiamin; (b) the relationship described in (a) was a reciprocal one in which the supplementation of the medium by substantial amounts of pyridoxine was a prerequisite for achieving theoretical or approximately 100 per cent recovery of thiamin; (c) thiamin biosynthesis was a limited function of 208 [VOL. 66 on November 4, 2017 by guest http://jb.asm.org/ Downloaded from EQUIVALENCE OF THIAMIN AND PYRIDOXINE the pyridoxine content of the organism's environment, and more specifically, of the pyridoxine destroyed in the absence of thiamin; (d) molar "conversion" ratios derived from different pyridoxine concentrations showed that for each mole of thiamin synthesized or utilized as a sparing agent, a progressively greater proportion of pyridoxine was destroyed.
Pyrimidine was found to produce a sparing effect upon thiamin equivalent to that of pyridoxine, and pyridoxine was found to stimulate the rate of synthesis of thiazole.
The data obtained were interpreted by the postulation of a reversible interrelationship between thiamin and pyridoxine with pyrimidine as the key intermediate.
